Objective: The objective of the study is to determine the utility of hematological parameters and C-reactive protein (CRP) levels as diagnostic markers in the early diagnosis of Neonatal Sepsis. Materials and Methods: Study area: Neonatal intensive care unit at KLE's Dr. Prabhakar Kore Hospital, Belagavi. Study design: A cross-sectional study. Study period: January 2017-December 2017 over a period of 1 year. Study participants: Neonates with signs suggestive of sepsis admitted to Neonatal intensive care unit at KLE's Dr. Prabhakar Kore Hospital, Belagavi. Sample Size: 34. Sampling procedure: Universal sampling method. Results: Considering blood culture as gold standard, sensitivity of hemoglobin levels was 35.2%, specificity was 57.6%, positive predictive value was 50%, and negative predictive value was 57.6%. P = 0.659, which was statistically insignificant. Sensitivity of altered white blood cell count was 47.65%, specificity was 53.8%, positive predictive value was 62.5%, negative predictive value of 38.8% and P = 0.933 which was statistically insignificant. Sensitivity of altered platelet count was 38%, specificity was 69.2%, positive predictive value was 66.6%, negative predictive value of 59% and P = 0.664 which was statistically insignificant. Sensitivity of elevated CRP levels was 57.1%, specificity was 92.3%, positive predictive value was 92.3%, negative predictive value of 57.1%, and P = 0.0039 which was statistically significant. Conclusion: Higher sensitivity and negative predictive value of CRP compared to hematological parameters makes it a better diagnostic marker in the early diagnosis of neonatal sepsis.
Introduction
Neonatal sepsis is a clinical syndrome characterized by signs and symptoms of infection with or without accompanying bacteremia in the 1 st month of life. [1] It comprises various systemic infections such as septicemia, pneumonia, meningitis, arthritis, osteomyelitis, and urinary tract infections. Superficial infections such as oral thrush, conjunctivitis are not included under neonatal sepsis.
Blood culture is warranted as gold standard and distinguishes sepsis from noninfectious conditions; it lacks sensitivity and specificity as blood culture may yield false-positive results because of contamination. Furthermore, it can remain negative despite generalized bacterial infection. There is a substantial time delay as the blood culture result is ready only after 24-72 h. [1] The present trend which is being applied for all the neonates who are suspected to have neonatal sepsis may lead to unnecessary and increased antibiotic consumption, a higher incidence of the side-effects due to their use, increased resistance to the antibiotics, a long hospitalization, the separation of the neonates from their mothers and increased health costs. Therefore, using rapid diagnostic methods including laboratory markers could be beneficial for the diagnosis of neonatal sepsis. Hence, it is necessary to rely on early diagnostic markers such as blood counts, microerythrocyte sedimentation rate, interleukin-6, interleukin-8, tumor necrosis factor-α, C-reactive protein (CRP), and procalcitonin. [2] Objectives The objective of the study is to determine the utility of hematological parameters and CRP levels as diagnostic markers in early diagnosis of Neonatal Sepsis in Neonatal Intensive Care Unit at KLE's Dr. Prabhakar Kore Hospital, Belagavi, Karnataka. [3, 4] Exclusion criteria a. Neonates who had birth asphyxia, aspiration syndrome b. Laboratory findings which are suggestive of inborn errors of metabolism c. Neonates with congenital anomalies d. Referred cases already treated with antibiotics.
Materials and Methods

Data collection
Totally 34 neonates satisfying the inclusion criteria mentioned above are included in our study group. Written informed consent was taken from parents of all neonates.
Procedure
Under aseptic precautions, blood specimen was obtained from each neonate before the commencement of antibiotic for sepsis workup which included blood culture, hemoglobin levels, total white blood cell (WBC) counts, and platelet counts and serum CRP levels.
Collection of blood sample
For a collection of blood, the skin at the peripheral vein puncture site was meticulously prepared by thoroughly cleaning with 70% ethyl alcohol and then by povidone-iodine. These bactericidal agents were applied in concentric circles moving outwards from the center. To avoid the possible irritation of iodine, it was wiped off with alcohol. The skin was then allowed to dry for 1 min before the blood was withdrawn. A total of 3 ml of blood was collected. 1 ml for blood culture to isolate the organism and remaining 2 ml for estimation of CRP level and hematological parameters.
Blood culture
All the blood samples were directly inoculated onto (BD) BACTEC Peds Plus/F culture vials and processed for microbial growth in radiometric culture BD 460 TB, which works on the principle of detecting C 14 labeled palmitic acid and measures quantitatively the radioactivity on a scale ranging from 0 to 999 as a growth indicator. Positive cases were subjected to subculture, and complete bacteriological identification was done with Microscan walkaway system which is an automated test system capable of microbial identification, antibiotic susceptibility testing, epidemiological trending, and reporting. [5] 
Serum C-reactive protein estimation
This test was done on serum samples by using ROCHE COBAS 6000 fully integrated automatic analyzer.
Hematological parameters
The estimation of hemoglobin, total WBC counts, and platelet counts was done in hematology laboratory, of the department of pathology using Mindray-Automated hematology analyzer.
Statistical analysis
Indices such as sensitivity, specificity, positive predictive value, and negative predictive value were calculated for each screening procedure. Statistical significance was assessed by Chi-square test. P < 0.05 was considered as statistically significant.
Results
Of 34 suspected sepsis cases, blood culture was positive in 21 neonates which accounts to 61.76% of cases. Serum CRP was elevated in 32.35% of cases. There was no altered hemoglobin levels observed. Altered WBC count was seen in 20.58% of cases, and altered platelet count was seen in 38.23% of cases.
Considering blood culture as gold standard, sensitivity of hemoglobin levels was 35.2%, specificity was 57.6%, positive predictive value was 50%, and negative predictive value was 57.6%. P = 0.659, which was statistically insignificant.
Sensitivity of altered WBC count was 47.65%, specificity was 53.8%, positive predictive value was62.5%, negative predictive value of 38.8%, and P = 0.933 which was statistically insignificant.
Sensitivity of altered platelet count was 38%, specificity was 69.2%, positive predictive value was 66.6%, negative predictive value of 59% and P = 0.664 which was statistically insignificant.
Sensitivity of CRP levels was 57.1%, specificity was 92.3%, positive predictive value was 92.3%, negative predictive value of 57.1%, and P = 0.0039 which was statistically significant.
Discussion
Blood culture positivity rate
In the present study, a total of 34 suspected neonatal sepsis were included, out of 61.76% showed positive blood culture [Graph 1].
Several studies have been undertaken on bacteriological profile in neonatal septicemia in our country. Table 1 shows culture positivity rate of different workers across the country.
As shown in Tables 1 and 2, it is evident that blood culture positivity rate ranged from 40% to 65%. The positivity rate of the present study is comparable with that encountered by Jadhav et al. [10] -65.2%, Gosalia et al. [9] -62%, Singh et al. [12] -57.2%. The wide range in the incidence of culture-proven sepsis could be related to the total number of suspected sepsis cases.
The variation in the rate of isolation in different studies can be attributed to the fact that the incidence of neonatal sepsis varies from place to place under the influence of various factors such as gestational age, birth weight of the neonate, maternal nutrition, perinatal care, health-care facilities.
Although bacteria are the most common agents implicated to cause sepsis, organisms such as adenovirus, enterovirus, rubella, and coxsackieviruses, Toxoplasma and Candida species which are the other causative organisms of sepsis in neonates may add up to cause the discrepancy in the rate of culture isolation.
The site of blood collection may also interfere with the blood culture result. Blood collected from umbilical artery catheter may allow contamination [13] while blood collected from umbilicus vein catheter may be unreliable. [14] To avoid these negative factors blood for culture was obtained from a peripheral vein in all the neonates with the help of trained staff in the present study.
Total white blood cell counts
Sensitivity of altered WBC count was 47.65%, specificity was 53.8%, positive predictive value was 62.5%, negative predictive value of 38.8%, and P = 0.933 which was statistically insignificant [ Table 1 ].
Similar results were seen in other studies done by Das et al., [15] Buch et al., [16] Fazal et al., [17] Dulhan et al., [18] Panwar et al. [19] 61.76% Most of the studies concluded that though altered leucocyte count is a highly specific indicator, the sensitivity is very low in diagnosing sepsis.
32.35%
The WBC count increases rapidly during the first few hours, leveling off thereafter. The result of WBC count can provide more information about the risk of sepsis after a few hours of birth.
Among neonates for whom a decision to start antibiotic can be deferred until after 4 h of age, the WBC is more likely to be helpful. On the other hand, if neonates risk factors or symptoms are worrisome to draw a complete blood count and blood culture before 4 h of age, it may be prudent to start antibiotics at the same time.
Platelet count
Thrombocytopenia is frequently encountered in critically ill neonates irrespective of age and maturity.
The findings of our study are in concordance with the prevalence of thrombocytopenia in most studies (30%-60%) suggesting that though reduced platelet counts was an important indicator in sepsis, it is not specific enough to be used as a sole marker. [15] [16] [17] [18] [19] [20] In a study conducted by Buch et al. 32 .7% of culture-proven sepsis had thrombocytopenia which is concordant with the present study (38.23%). [16] There was no significant difference observed in the incidence of thrombocytopenia based on gram positivity or negativity of the organism in this study which is similar to a study done by Manzoni et al. [21] to assess organism specific response of platelet count in neonatal sepsis.
The analysis of both WBC and platelet counts have revealed that individual hematological findings should be interpreted with much caution since the hematological response may vary with gestational and postnatal age according to Ree et al. [22] These findings also vary with the time interval of the onset of sepsis and blood sampling. In addition, the influence of the site of sampling as the number of arterial and venous leukocytes is less than the capillary WBC values.
Hemoglobin percentage
Sensitivity of hemoglobin levels was 35.2%, specificity was 57.6%, positive predictive value was 50%, and negative predictive value was 57.6%. P = 0.659, which was statistically insignificant.
Hemoglobin percentage was found to be a nonreliable indicator as it showed the least sensitivity compared to other markers.
C-reactive protein levels
In the present study, sensitivity of CRP levels was 57.1%, specificity was 92.3%, positive predictive value was 92.3%, negative predictive value of 57.1%, and P = 0.0039 which was statistically significant [ Table 3 ].
The differences in these studies may be due to the variation with respect to the timing of CRP assay after the clinical onset of infection in addition to the fact that all these studies measured CRP quantitatively with different cutoff points.
A sound clinical judgment combined with quantitative CRP assay could provide rational basis for the treatment decisions in the management of neonatal sepsis. Such a Negative predictive value (%) Amponsah et al. [23] 2017 Ghana 50 72.2 37.5 83.1 Mohamed et al. [24] 2015 Saudi Arabia 70 60 28 80 Sabapathy [25] 2016 Bangalore, India 50 33.33 31 47.6 Hakeem et al. [26] 2017 Mangalore, Karnataka 50 52.9 33.33 100 Aboud et al. [27] 2010 Syria 80 77 77 90 Adib et al. [28] 2012 Iran 45 95 30 30 Bollot et al. [29] 2014 Korea 88.29 58.17 85.66 13.2 Ganesan et al. [30] 2016 Chennai, India 80 65.7 25 95.83 Sucilathangam et al. [1] 2012 Tamilnadu strategy could probably reduce unnecessary antimicrobial therapy and the consequent emergence of resistant strains of the organisms.
Siddaiah et al. [31] studies the role of CRP in deciding the duration of antibiotic therapy in neonatal sepsis and concluded that newborn with suspected sepsis having raised CRP levels needed a longer duration of antibiotic therapy of >7 days.
Conclusion
CRP showed the highest specificity and positive predictive value among all other markers which were correlated with blood culture in this study. Total WBC counts showed second highest sensitivity and the least negative predictive value compared to all other markers of sepsis. Thrombocytopenia and hemoglobin percentage was found to be a nonspecific indicator compared to other markers.
The concentration of CRP was elevated in culture-positive neonates. In some cases of the culture-positive neonates, hematological parameters were negative, but the CRP level was elevated. These findings support the usefulness of CRP as a diagnostic marker in the early diagnosis of neonatal sepsis. Higher sensitivity and negative predictive value of CRP compared to hematological parameters makes it a better diagnostic marker in the early diagnosis of neonatal sepsis. As total WBC counts showed second highest sensitivity and the least negative predictive value, a combination of total WBC counts and CRP increases the predictability of sepsis. A much detailed intervention and multiple large-scale cross-sectional studies with a much higher sample size should be performed to further confirm these findings and to make a combination of CRP as the "Early diagnostic marker" of sepsis. Until then the isolation of the causative organism by culture occupies the center stage in diagnosing sepsis.
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